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Abstract A number of factors are linked with non-alco-

holic fatty liver diseases (NAFLD), a condition that ranges

from clinically benign fatty liver to its more severe form,

non alcoholic steatohepatitis (NASH). In this study, we

evaluated the role of cytokines secreted from adipose tissue

in the pathogenesis and progression of NAFLD. We also

compared anthropometric profile, lipid profile and insulin

resistance data in 105 NAFLD patients with 77 normal

subjects. These subjects showed a normal serum albumin

level, prothrombin time and renal function but elevated

aminotransferases. Predisposing factors were diabetes

mellitus (35%), overweight (56%) and hyperlipidemia

(44%). Insulin resistance (IR), determined by homeostasis

model assessment (HOMA) was confirmed in 70% patients

with NAFLD and 42% patients fulfilled the minimum

criteria for insulin resistance syndrome (IRS). NAFLD

patients showed elevated levels of pro-inflammatory cyto-

kines tumor necrosis factor (TNF)-a, and interleukin (IL)-

6, while anti-inflammatory cytokines IL-4 level decreased

and IL-10 level remain unchanged; however, TGF-b1 level

elevated significantly compared to normal subjects. While

insulin level and HOMA-IR both were significantly

positively correlated with BMI, waist-to-hip ratio, total

cholesterol, VLDL-cholesterol, triglyceride and TGF-b1;

glucose, IL-6 and TNF-a levels were significantly posi-

tively correlated with HOMA-IR only. In conclusion, pro-

inflammatory cytokines play an important link between

metabolic and liver disorders in the fat accumulation, and

thereby cause IR, inflammation and liver fibrosis.

Keywords Insulin resistance � Interleukin-6 �
Non-alcoholic fatty liver disease � Transforming growth

factor beta � Tumor necrosis factor-alpha

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the hepatic

manifestation of the metabolic syndrome that can vary

from benign steatosis to end-stage liver disease, non

alcoholic steatohepatitis (NASH) [1]. NASH (Fig. 1) is

characterized by morphological features indistinguishable

from alcoholic liver disease in individuals who do not

consume significant amount of alcohol [2]. The increased

prevalence of diabetes, obesity, hypertension, hypertri-

glyceridemia and/or hypercholesterolemia in the general

population is considered to be the most common cause for

NAFLD [3]. NASH is also related with a number of other

conditions such as elevated lipoprotein in blood, jejunal

bypass surgery, parenteral nutrition, drugs, enzymes like-

a1-antitrypsin deficiency, excessive bacterial growth, and

exposure to environmental toxic chemicals [4].

Although the prevalence of NASH appears to be

increasing, the etiopathogenesis remains poorly under-

stood. Interestingly, autopsy data indicate that NASH is at

least 6 times more prevalent in obese individuals compared

with lean subjects [5]. Obesity increases adipose tissue
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mass. It has long been known that adipose tissue is a source

of free fatty acids that are delivered to the liver and a depot

for triglycerides that are synthesised by hepatocytes and

released into the blood. Fat produces hormones that regu-

late metabolism in other tissues, as well as fat itself. Fat is

also a source of neurotransmitters. In addition, adipocytes

produce immunomodulatory cytokines [6].

Hepatic steatosis is thought to represent the ‘first’ step

[5] of ‘two hit’ hypothesis, and the ‘second’ step is the

process that promotes the inflammation, fibrosis and

necrosis associated with NASH [4, 7–10]. Evidence sug-

gests that endotoxin-mediated cytokines are important

mediators of hepatic steatohepatitis [11]. Cytokines are

classified as T helper 1 (Th1) and T helper 2 (Th2) sub-

types. The main proinflammatory Th1 cytokines are tumor

necrosis factor-alpha (TNF-a), interleukin (IL)-1, IL-6 and

interferon; whereas the main Th2 anti-inflammatory cyto-

kines are IL-4 and IL-10. In general, Th1 cytokines induce

Th1 cytokines and inhibit Th2 cytokine production and

vice versa [12]. Normally, there is a balance between pro-

inflammatory and anti-inflammatory cytokines [13].

Therefore, we evaluated the role of cytokines secreted

from adipose tissue such as TNF-a, IL-6, transforming

growth factor-beta (TGF-b)-1 in the pathogenesis and

progression of NAFLD in this study. We also compared

anthropometric profile, lipid profile, insulin resistance data

and anti-inflammatory cytokines in NAFLD patients with

normal subjects.

Patients and Methods

Chemicals

Laboratory routine test kits from Roche Diagnostics,

Meylan, France were used. Insulin, IL-4, IL-6, IL-10, TNF-

a and TGF-b1 ELISA kits were purchased from Bender

Med Systems, Austria.

Subject Selection

Selected patients who had visited the Gastroenterology

Department of the Amrita Institute of Medical Sciences,

Cochin, were referred for the assessment of abnormal liver

function tests (LFT) or hepatic steatosis detected by

ultrasonography. The NAFLD patients were identified on

the basis of oral questionnaire, laboratory investigations,

clinical findings and ultrasound/CT scan imaging or

biopsy, where applicable. These subjects had a normal

serum albumin level, prothrombin time (Table 2) and renal

function (Table 2) but elevated liver aminotransferases

(Table 2). Current and past daily alcohol intake was less

than 40 g per week for all patients and all regular alcohol

consumers were excluded from this group.

The disorders such as secondary causes of steatohepa-

titis, drug induced liver disease, alcoholic liver disease,

viral hepatitis, autoimmune hepatitis, primary biliary cir-

rhosis, sclerosing cholangitis, a1-antitrypsin deficiency,

hemochromatosis, Wilson’s disease and biliary obstruction

were excluded. Other exclusion criteria were recent gas-

trointestinal surgery, older age ([65 years), pregnancy,

suffering from malignancy or under any kind of medica-

tion. The study protocol was approved by the Institutional

ethics committee according to the ethics guidelines of the

1975 Declaration of Helsinki, and all patients gave their

written informed consent to the study.

Subjects who had visited the Amrita Institute of Medical

Sciences, Cochin, for routine health check-up programmes

without any specific problem and with no abnormality

in the clinical and laboratory findings were considered

‘normal’. NAFLD group consists of 105 patients (89 male

and 16 female) including 8 biopsy proven NASH patients.

Methods

A complete clinical history, including anthropometric

measurements of the subjects was obtained. Anthropo-

metric evaluation included measures of body mass index

(BMI) and waist-to-hip ratio [WHR]). BMI was calculated

as weight (kg) divided by height (m) squared, and WHR

was defined as the waist circumference (cm) divided by the

hip circumference (cm).

Fasting blood was collected, prior to medical interven-

tion for the determination of biochemical parameters

including glucose level, insulin level, lipid profile, liver

function test, renal function test and cytokine estimation.

Insulin, interleukins, TNF-a and TGF-b1 levels in serum

were estimated by ELISA following the manufacturer’s

instructions. Remaining biochemical parameters were

estimated by conventional methods.

Insulin resistance was calculated by the homeostasis

model (HOMA-IR) using the formula; HOMA-IR = fasting

Fig. 1 Steatosis with perisinusoidal fibrosis
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insulin (lU/ml) 9 plasma glucose (mmol/l)/22.5 [14].

Insulin resistance syndrome (IRS) was defined according to

World Health Organization criteria (Table 1) [15, 16].

Except NASH patients, remaining NAFLD patients were

classified into two subgroups according to degree of severity

of fibrosis based on 6 variables as described elsewhere [17]:

NAFLD fibrosis score = -1.675 ? 0.0379 age (years) ?

0.094 9 BMI (kg/m2) ?1.13 9 IFG/diabetes (yes = 1,

no = 0) ? 0.999 AST/ALT ratio -0.013 9 platelet

(9109/l) - 0.66 9 albumin (g/dl). The presence of fibrosis

score between -1.455 and 0.676 was considered mild (I,

n = 62); and greater than 0.676 was considered moderate or

significant (II, n = 35) NAFLD. The results were compared

with and 77 normal subjects (45 male and 32 female).

Statistical Analysis

Results are expressed as mean ± SD (standard deviation).

All data were analysed using the SPSS statistical package

(version 11.0; SPSS Inc., Chicago, IL, USA). The associ-

ation among biochemical and anthropometric characteris-

tics was tested by Pearson correlation. The differences

were considered significant at P \ 0.05.

Results

NAFLD patients showed significantly higher body mass

index (BMI) and Waist-to-hip ratio compared to control

group (Table 2), but no significant change was observed

with severity of liver disease in any group (Table 2).

Waist-to-hip ratio in NAFLD patients, and in particular in

male patients was significantly higher compared to normal

subjects (Tables 2, 3). NAFLD patients showed normal

serum protein level, albumin level, prothrombin time

(Table 2), renal function and electrolyte level (Table 2) but

elevated uric acid and liver aminotransferases (Table 2) in

this study.

In this study, diabetes mellitus was noted in 35%

patients. Fasting insulin level was significantly higher in

male and total NAFLD patients in comparison to normal

subjects (Tables 2, 3), and its level elevated significantly

with severity of the disease (Table 2). Though, fasting

glucose level or insulin resistances (HOMA-IR) were sig-

nificantly higher in NAFLD patients (Tables 2, 3), these

did not change with severity of the disease (Table 2).

While insulin level and HOMA-IR both were significantly

positively correlated with BMI, waist-to-hip ratio, total

cholesterol, VLDL-cholesterol, triglyceride and TGF-b1

(Table 4); glucose, IL-6 and TNF-a levels were signifi-

cantly positively correlated with HOMA-IR only (Table 4).

In this study, 44% patients showed hyperlipidemia

(including 26% hypercholesterolemia, and 30% hypertri-

glyceridemia) and 56% patients were overweight according

to WHO guideline (Table 1). However, when overweight

determination was adjusted for Asians according to rec-

ommendations of several groups [16–18] overweight

patients were 88%. Cholesterol level was found signifi-

cantly higher in both male and female patients in com-

parison to their respective normal subjects (Tables 2, 3),

while VLDL-cholesterol and triglyceride levels were sig-

nificantly higher in male and total NAFLD patients com-

pared to normal male subjects (Tables 2, 3). However,

lower HDL-cholesterol (\35 mg% for male and\39 mg%

for female) (Table 1) level was observed in 31% NAFLD

patients in this study.

While IL-4 level decreased significantly; IL-6, TNF-a
and TGF-b1 levels were significantly increased in NAFLD

patients compared to normal subjects (Table 2). Moreover,

IL-6, TNF-a and TGF-b1 levels increased significantly

with severity of NAFLD (Table 2).

Discussion

Most NAFLD patients in this study are asymptomatic with

moderately elevated aminotransferase levels (Table 2). The

vast majority of individuals with NAFLD are diagnosed

incidentally during the course of assessment of unre-

lated symptoms or the associated metabolic syndrome [4].

NAFLD has been consistently associated with obesity

(60–95%), diabetes (28–55%), and dyslipidemia (27–92%)

Table 1 Diagnostic criteria for

IRS according to WHO

consultation (1999)

M male, F Female

Component Definition

Diabetes mellitus, impaired glucose tolerance, and/or insulin resistance

together with 2 or more of the following

BMI (kg/m2) C30

Waist to hip ratio [0.9 (M), [0.85 (F)

Arterial pressure (mm Hg) C140/90

Triglyceride (mg%) C150

HDL-cholesterol (mg%) \35 (M), \ 39 (F)

Microalbuminuria C20lg/min

204 Ind J Clin Biochem (Apr-June 2011) 26(2):202–209

123



[19] since its first description up to this study. Though

gender and weight status appear to modify the relationship

between metabolic risk factors and NAFLD [20], Ludwig’s

pioneer report on NAFLD states that female gender is

associated with fibrosis [2]. Although this may still be true

[21], several epidemiological studies [22] including this

one has shown that the prevalence of NAFLD is higher

among males. Another cross-sectional study had shown

that NAFLD was 3.5 times more common in males than in

females among Asians [23] and was reported as a disease

of young over-weight males among North Indian patients

[24]. But the major limitation to ascertain the role of

female gender in this study is sample size.

Though liver biopsy remains the only reliable means to

determine prognosis based on the severity of fibrosis [17],

ethical consideration [4], expensive and invasive procedure

associated with a number of complications and chances of

sampling error [17] limited its applicability. In contrast,

NAFLD diagnosed by ultrasound is associated with

hypertriglyceridemia, impaired fasting glucose, silent

myocardial ischemic pattern of ECG, obesity, and abnor-

mal liver tests in adults. Among these factors, obesity was

Table 2 Anthropometric and biochemical parameters of different stages of non-alcoholic fatty liver disease (NAFLD) patients and normal

subjects

Non-alcoholic fatty liver disease Normal

Mild fibrosis I

(n = 62)

Moderate fibrosis II

(n = 35)

NASH

(n = 8)

Total patients

(n = 105)

(n = 77)

Age (years) 43.56 ± 11.02 40.06 ± 7.44 38.63 ± 8.78 42.02 ± 9.9 45.43 ± 11.15

BMI (kg/m2) 24.83 ± 2.33a 25.81 ± 2.23a 27.11 ± 3.18a 25.33 ± 2.44a 22.6 ± 1.32

Waist/hip ratio 1.03 ± 0.04 1.04 ± 0.03b 1.05 ± 0.01a 1.04 ± 0.03b 1.02 ± 0.02

Glucose (mg%) 112.2 ± 36.3 121.7 ± 51.3a 106.6 ± 38.7 115 ± 41.9a 92.1 ± 12.3

Insulin (lU/ml) 11.75 ± 1.76 15.47 ± 6.37ad 18.42 ± 6.77adf 13.5 ± 4.81b 10.69 ± 1.73

HOMA-IR 3.21 ± 1.12c 4.52 ± 2.1ad 4.81 ± 2.31a 3.77 ± 1.73a 2.42 ± 0.5

Cholesterol (mg/dl) 207.47 ± 43.78a 217.8 ± 41.5a 227.7 ± 63.7a 212.4 ± 44.7a 161.5 ± 23.6

HDL-cholesterol (mg/dl) 41.9 ± 10.5c 40.1 ± 9.9 36.6 ± 7.2 40.9 ± 10.1c 45.4 ± 9.4

LDL-cholesterol (mg/dl) 130.6 ± 35.4 143.3 ± 42.2 147.1 ± 26.9 136.1 ± 37.6 123.8 ± 31.4

VLDL-cholesterol (mg/dl) 30.8 ± 13.6 41.1 ± 20.6ae 38.1 ± 18.2b 34.8 ± 17.1a 25.4 ± 10.2

Triglyceride (mg/dl) 158.1 ± 55 201.2 ± 69.4a 194.6 ± 30.1 175.3 ± 62a 129.3 ± 51.5

Protein (g/dl) 7.7 ± 0.56 7.6 ± 0.56 7.9 ± 0.46 7.68 ± 0.56 7.45 ± 0.51

Albumin (g/dl) 4.5 ± 0.45 4.6 ± 0.3 4.7 ± 0.46 4.59 ± 0.4 4.42 ± 0.42

Total Bilirubin (mg/dl) 0.94 ± 0.57 0.99 ± 0.45 1.07 ± 0.45 0.97 ± 0.52 0.81 ± 0.33

Direct Bilirubin (mg/dl) 0.24 ± 0.27 0.25 ± 0.12 0.25 ± 0.15 0.25 ± 0.22 0.19 ± 0.09

AST (IU/l) 52.7 ± 14.5c 63.1 ± 20.3b 78 ± 22.3b 58 ± 18.6b 25.1 ± 10.1

ALT (IU/l) 80.2 ± 31.9a 122.1 ± 49.3a 164.9 ± 58.5a 100.6 ± 48.4a 27.6 ± 11.4

ALP (IU/l) 84.1 ± 26.9 80.5 ± 24.2 84 ± 20.9 82.9 ± 25.5 72.8 ± 18.5

Prothrombin time index ratio 1.06 ± 0.16 1.02 ± 0.09 1.06 ± 0.09 1.05 ± 0.14 1.05 ± 0.1

Uric acid (mg/dl) 5.62 ± 1.23b 5.75 ± 1.37a 5.4 ± 1.39 5.65 ± 1.28a 4.2 ± 0.8

Urea (mg/dl) 23.12 ± 11.08 23.31 ± 6.86 20.9 ± 5.7 23 ± 9.49 22.2 ± 7.86

Creatinine (mg/dl) 1.03 ± 0.32 0.99 ± 0.2 0.99 ± 0.11 1.01 ± 0.27 0.93 ± 0.31

Na (mEq/l) 138.9 ± 4.7 139.1 ± 4.2 139.1 ± 3.7 139 ± 4.43 138.3 ± 3.86

K (mEq/l) 4.3 ± 0.51 4.3 ± 0.47 4.5 ± 0.63 4.34 ± 0.5 4.18 ± 0.45

IL-4 (pg/ml) 15.62 ± 2.2 14.87 ± 3.35c 12.46 ± 2.73a 15.13 ± 2.78b 17.35 ± 3.97

IL-6 (pg/ml) 4.69 ± 0.81c 5.43 ± 0.79b 5.71 ± 1.08ad 5.01 ± 0.91b 2.87 ± 1.25

IL-10 (pg/ml) 9.84 ± 2.57 12.25 ± 2.6 12.2 ± 1.97 10.13 ± 2.59 9.9 ± 2.49

TNF-a (pg/ml) 18.33 ± 4.95 24.33 ± 4.32ad 32.67 ± 2.89adf 21.42 ± 6.27a 16.07 ± 4.62

TGF-b1 (ng/ml) 9 ± 5.49 12.4 ± 2.4ad 17.8 ± 3.46adg 10.75 ± 5.2a 6.74 ± 4.57

Values are mean ± SD of number of observation (n). Stages of liver disease based on clinical findings: I: mild; II: moderate; Stage III NAFLD

patients are NASH patients

P values: a \ 0.001, b \ 0.01, c \ 0.05 compared to the Normal group; d \ 0.001, e \ 0.05 compared to group I of NAFLD patients; f \ 0.001,
g \ 0.001 compared to group II NAFLD patients
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the only independent factor associated with ultrasound-

diagnosed NAFLD [25]. Therefore, a scoring system with 6

independent indicators variables was considered to deter-

mine advanced liver fibrosis [17] in this study.

Insulin resistance (IR) may be defined as a condition in

which higher than normal insulin concentrations are nee-

ded to achieve normal metabolic responses [1]. IR deter-

mined by the homeostasis model assessment (HOMA) is

widely used in clinical and epidemiological studies, par-

ticularly with large patient populations [21, 26, 27]. We

observed higher fasting serum insulin level in NAFLD

patients with severity of the disease (Table 2), 73 patients

(70%) were categorized as insulin resistant whose HOMA-

IR was greater than 2.78 (corresponding to 75th centile of

normal subjects) following the methodology as described

elsewhere [27], and 42% of the NAFLD patients fulfilled

the minimum criteria for IRS in this study.

Insulin usually controls fuel homeostasis through the

glucose uptake into peripheral tissues and by suppressing the

release of stored lipids from adipose tissues [28]. Insulin

activates lipoprotein lipase that promotes the catabolism of

triglyceride-rich lipoproteins, such as chylomicrons and

VLDL, and the clearance of LDL. Insulin also affect HDL

metabolism through LCAT activation [29]. In agreement

with earlier observations [30], elevated cholesterol, VLDL-

cholesterol, triglyceride and BMI in NAFLD patients com-

pared to the normal subjects in this study, strengthening the

association between overweight and the appearance of

NAFLD [31, 32]. Though accumulation of excess triglyc-

erides in hepatocytes forms steatotic droplets in NAFLD [33]

as observed in histologic finding (Fig. 1), mixed lipid dis-

orders such as hyperlipidemia and hypertriglyceridemia are

commonly associated with NAFLD, and the presence of

lower HDL-cholesterol as observed in this study further

increases the risk of NAFLD [34].

Insulin resistance (IR) is also associated with chronic low-

grade inflammation, and release several mediators from

various cell types, including immune cells and adipocytes

[35, 36]. In addition, increased availability of lipids enhances

lipid oxidation, and the end-product of lipid peroxidation is

known to be pro-inflammatory mediators [3].

Pro-inflammatory cytokines TNF-a and IL-6 levels were

elevated significantly in NAFLD patients with severity

of the disease compared to the normal subjects in this

study. TNF-a is known to activate intracellular signaling

molecules, including stress related kinases such as Jun

N-terminal kinase and inhibitor kappa beta kinase beta, that

make cells resistant to the actions of insulin [6]. Evidence

suggests that the cellular mechanisms for insulin resistance

also activate TNF-a production [37]. Raised serum TNF-a
level has also been demonstrated in several studies of fatty

liver disease [38, 39]. TNF-a activates harmful proathero-

genic pathways partially through the reduction of HDL-

cholesterol, elevated expression of cholesterogenic genes,

accompanied by an increase in potentially harmful

precholesterol metabolites, and suppression of cholesterol

Table 3 Anthropometric profile, lipid profile, insulin resistance data and cytokines of male and female liver disease patients with their matched

control

Male Female

NAFLD (n = 89) Normal (n = 45) NAFLD (n = 16) Normal (n = 32)

Age (years) 41.2 ± 10.04c (-11.9) 46.8 ± 11.79 46.4 ± 7.98 (?6.6) 43.5 ± 10.04

BMI (kg/m2) 25.10 ± 2.37a (?12.5) 22.3 ± 1.2 26.6 ± 2.49a (?15.6) 23 ± 1.39

Waist/hip ratio 1.04 ± 0.03b (?1.9) 1.02 ± 0.01 1.03 ± 0.03 (?0.98) 1.02 ± 0.03

Cholesterol (mg/dl) 213 ± 45.6a (?30.5) 163.2 ± 26.1 209.5 ± 41a (?31.76) 159 ± 19.7

HDL-Cholesterol (mg/dl) 40 ± 9.5 (-8.88) 43.9 ± 10 45.7 ± 12.1 (-3.78) 47.5 ± 8.1

LDL-Cholesterol (mg/dl) 134.9 ± 38.9 (?3.76) 130 ± 32 142.6 ± 29.3 (?23.89) 115.1 ± 28.7

VLDL-Cholesterol (mg/dl) 36.2 ± 17.1b (?36.6) 26.5 ± 10.1 26.6 ± 15 (?11.76) 23.8 ± 10.2

Triglyceride (mg/dl) 180.9 ± 60.6b (?31.56) 137.5 ± 53 143.8 ± 62.2 (?22.07) 117.8 ± 47.7

Glucose (mg/dl) 114.8 ± 42.2b (?21.48) 94.5 ± 13 116.1 ± 41.8c (?31.03) 88.6 ± 10.4

Insulin (lU/ml) 13.4 ± 4.4c (?25.23) 10.7 ± 1.6 14 ± 6.5 (?32.07) 10.6 ± 1.8

HOMA-IR 3.7 ± 1.6a (?48) 2.5 ± 0.5 3.9 ± 2.16b (?69.56) 2.3 ± 0.4

IL-4 (pg/ml) 15.07 ± 2.79 (-8.99) 16.56 ± 3.9 15.47 ± 2.83 (-16.28) 18.48 ± 3.85

IL-6 (pg/ml) 3.02 ± 0.96 (?7.85) 2.8 ± 0.56 2.96 ± 0.55 (-0.32) 2.97 ± 0.65

IL-10 (pg/ml) 10.1 ± 2.6 (?4.77) 9.64 ± 2.61 10.3 ± 2.62 (?0.2) 10.28 ± 2.29

TNF-a (pg/ml) 21.18 ± 6.14b (?30.33) 16.25 ± 4.97 22.79 ± 7.02b (?44.05) 15.82 ± 4.16

TGF-b (ng/ml) 10.76 ± 5.37a (?70.52) 6.31 ± 1.99 10.7 ± 4.28 (?45.77) 7.34 ± 6.7

Values are mean ± SD of number of observation (n). Figures in the parentheses are % increase (?) or decrease (-) compared to their respective

normal group. P values: a \ 0.001, b \ 0.01, c \ 0.05 compared to their respective control
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elimination [40]. TNF-a also stimulates hepatic fatty acid

synthesis, increases serum triglyceride levels [41] and

stimulates VLDL production from liver [42]. TNF-a can

induce both hepatocyte cell death and hepatocyte prolif-

eration [43], and is critically involved in the pathogenesis

of liver fibrosis in NASH model [44].

IL-6 is a multifunctional cytokine that regulates immune

responses, acute phase reactions and hematopoiesis, and

may play a central role ranging from inflammation to host

defense to tissue injury [45, 46]. Both TNF-a and IL-6

stimulate hepatic lipogenesis [47], associated with obesity

and insulin resistance [48, 49], impairs insulin signaling

[50, 51], and can alter insulin sensitivity by triggering

different key steps in the insulin signaling pathway [52].

The anti-inflammatory cytokines, IL-4 and IL-10 control

the development of a human Th1-biased immune reaction

[53]. IL-10 plays a protective role against liver damage

from a number of aggressors. The inhibition of IL-10

promotes the expression of cytokines involved in inflam-

mation, deterioration of insulin signal and activation of

gluconeogenic and lipidogenic pathways [54]. However,

IL-4 level decreased significantly in NAFLD patients

compared to normal subjects, while IL-10 level remained

unchanged in this study.

Thus NAFLD may be responsible for changing the bal-

ance between pro-inflammatory and anti-inflammatory

cytokines. Pro-inflammatory cytokines enhances the

expression of extracellular matrix and influences fibrogenic

processes [5]. Transforming growth factor (TGF)-b1, which

plays a critical role in liver apoptosis, fibrogenesis [55], and

collagen production [13] during chronic liver injury, was

significantly elevated in NAFLD patients in this study.

In conclusion, NAFLD is associated with overweight,

hyperlipidemia, diabetes mellitus and insulin resistance.

The necroinflammatory component of NAFLD appears to

be modulated by interactions among various factors. Pro-

inflammatory cytokines play an important determinant

between metabolic and liver disorders, and thereby causes

insulin resistance and inflammation.
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